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ON (57) Abstract: A stent delivery system includes outer and inner elongated, flexible tubular members each having a distal and prox- 

^® imal ends. The outer tubular member is sized to be passed through the body lumen with the distal end advanced to the deployment 
site and with the proximal end remaining external of the patient' s body for manipulation by an operator. The inner tubular member 
is sized to be received within the outer tubular member. The inner tubular member is sized to be received within the outer tubular 

£^ member. The inner tubular member has a stent attachment location at its distal end. A spacer member is disposed between the inner 
and outer tubular members. The spacer member maintains spacing between the inner and outer tubular members. Opposing surfaces 
of the inner and outer tubular members define a passageway extending form the proximal end towards the distal end of the outer 

£^ tubular member. A fluid exchanged port is provided in communication with the passageway at the proximal end of the outer tubular 

)^ member. 
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CATHETER SYSTEM WITH SPACER MEMBER 

This application is being filed as a PCT international patent application in the 
name of IntraTherapeutics, Inc., a U.S. national corporation, on 18 January 2002, 
5 designating all countries except the U.S. 

BACKGROUND OF THE INVENTION 



1. Field of Invention 

10 This invention pertains to a system for delivering a stent to a site in a body 

lumen. More particularly, this invention pertains to a stent delivery system with 
improved structure between tubular members. 

2. Description of the Prior Art 

15 Stents are widely used for supporting a lumen structure in a patient's body. 

For example, stents may be used to maintain patency of a coronary artery, other blood 
vessel or other body lumen. 

Commonly, stents are metal, tubular structures. Typically stents have an 
open-cell structure. Stents are passed through the body lumen in a collapsed state. At 

20 the point of an obstruction or other deployment site in the body lumen, the stent is 
expanded to an expanded diameter to support the lumen at the deployment site. 

In certain designs, stents are expanded by balloon dilation at the deployment 
site. These stents are typically referred to as "balloon expandable" stents. Other 
stents are so-called "self-expanding" stents that enlarge at a deployment site by 

25 inherent elasticity or shape-memory characteristics of the stents. Frequently self- 
expanding stents are made of a super-elastic material such as a nickel-titanium alloy 
(i.e., nitinol). 

A delivery technique for stents is to mount the collapsed stent on a distal end 
of a stent delivery system. Such a system would include an outer tubular member and 
30 an inner tubular member. Prior to advancing the stent delivery system through the 
body lumen, a guide wire is first passed through the body lumen to the deployment 
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site. The inner tube of the delivery system is hollow throughout its length such that it 
can be advanced over the guide wire to the deployment site. 

The combined structure (i.e., stent mounted on stent delivery system) is passed 
through the patient's lumen until the distal end of the delivery system arrives at the 

5 deployment site within the body lumen. The deployment system may include radio- 
opaque markers to permit a physician to visualize positioning of the stent under 
fluoroscopy prior to deployment. 

At the deployment site, the outer sheath is retracted to expose a self-expanding 
stent, or fluid is injected to inflate a balloon which expands a balloon-expandable tube 

10 stent. Following expansion of the stent, the delivery system can be removed through 
the body lumen leaving the stent in place at the deployment site. 

Prior art stent delivery systems use inner and outer tubes of generally uniform 
diameters and circular cross-section throughout their length. This design relies upon 
the dynamics of fluid flow to retain spacing between the tubes. 

15 In the event the outer diameter of the inner prior art tube is substantially less 

than the inner diameter of the outer prior art tube, the inner tube could bend relative to 
the outer tube such that surfaces of the inner tube abut surfaces of the outer tube. As a 
result, axial forces applied to advance the stent delivery system could be stored in the 
bent inner tube. Such energy could be suddenly released with sudden and undesired 

20 rapid advance or retraction of the distal tip of the tubes when the inner tube 
straightens. 

The likelihood of this sudden jumping phenomenon could be reduced by 
having the inner and outer tube diameters be as close as possible. However, such 
close tolerances result in a very small annular gap between the inner and outer tubes 
25 which results in increased resistance to fluid flow between the inner and outer tube. 

SUMMARY OF THE INVENTION 

A catheter system for use in a body lumen of a patient is disclosed. One 
aspect of the present invention relates to the catheter system having a spacer member. 
30 In certain embodiments, the catheter system can be adapted to deploy a self-expanding 
stent or a balloon-expandable stent. Another aspect of the present invention relates to 
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a stent delivery system including an arrangement for allowing fluid exchange with a 
patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a side elevation view of one embodiment of a stent delivery system 

according to the present invention. 

Fig. 2 is a side sectional view of a distal end of the stent delivery system of 
Fig. 1, shown in Fig. 1 as Detail A. 

Fig. 3 is a side sectional view of a proximal end of the stent delivery system of 
10 Figure 1, shown in Fig. 1 as Detail B. 

Fig. 4 is a sectional view of a second handle of the stent delivery system of 
Fig. 1 and showing, in section, a guide wire port, shown in Fig. 1 as Detail C. 

Fig. 5 is a cross-sectional view of the inner and outer tubular members of the 
stent delivery system of Fig. 1 taken along lines 5-5 of Fig. 3 and showing a first 
15 embodiment of a spacer configuration. 

Fig. 6 is a perspective view of one-half of a handle of the stent delivery system 
of Fig. 1 with the opposite half being of identical construction. 

Fig. 7 A is a perspective view of one of the handles of the stent delivery system 
of Fig. 1. 

20 Fig. 7B is a front end view of the handle of Fig. 7 A. 

Fig. 7C is a back end view of the handle of Fig. 7 A. 

Fig. 7D is a front side view of the handle of Fig. 7 A. 

Fig. 7E is a back side view of the handle of Fig. 7 A. 

Fig. 7F is a top view of the handle of Fig. 7 A. 
25 Fig. 7G is a bottom view of the handle of Fig. 7 A. 

Fig. 8 is a side view of another embodiment of the stent delivery system 
according to the present invention showing a cross section of the manifold and stent 
deployment arrangement. 

Fig. 9 is an enlarged detail view of the manifold of Fig. 8. 
30 Fig. 10 is an enlarged detail view of Fig. 8 taken at Detail B. 

Fig. 1 1 is a sectional view of Fig. 8 taken along line 11-11. 
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Fig. 12 is a sectional view of Fig. 8 taken along line 12-12 and showing a 
second embodiment of a spacer configuration. 

Fig. 13 is a sectional view of Fig. 8 taken along line 13-13. 

Fig. 14 is a sectional view of Fig. 10 taken along line 14-14. 
5 Fig. 1 5 is a cross section view of a third embodiment of a spacer configuration 

suitable for use with a delivery system in accordance with the principles of the present 
invention. 

Fig. 16 is a cross section view of a fourth embodiment of a spacer 
configuration suitable for use with a delivery system in accordance with the principles 
10 of the present invention. 

Fig. 17 is a cross section view of a fifth embodiment of a spacer configuration 
suitable for use with a delivery system in accordance with the principles of the present 
invention. 

Fig. 18 is a cross section view of a sixth embodiment of a spacer configuration 
15 suitable for use with a delivery system in accordance with the principles of the present 
invention. 

Fig. 19 is a cross section view of a seventh embodiment of a spacer 
configuration suitable for use with a delivery system in accordance with the principles 
of the present invention. 
20 Fig. 20 is a cross section view of an eighth embodiment of a spacer 

configuration suitable for use with a delivery system in accordance with the principles 
of the present invention. 

Fig. 21 is a cross section view of a ninth embodiment of a spacer configuration 
suitable for use with a delivery system in accordance with the principles of the present 
25 invention. 

Fig. 22 is a cross section view of a tenth embodiment of a spacer configuration 
suitable for use with a delivery system in accordance with the principles of the present 
invention. 

Fig. 23 is a top perspective view showing an eleventh spacer configuration in 
30 accordance with the principles of the present invention. 

Fig. 24 is a cross section view of the spacer configuration of Fig. 23. 
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DETAILED DESCRIPTION 

With initial references to Figs. 1 - 4, a first embodiment of a stent delivery 
system 10 is shown. The stent delivery system 10 is for delivery of a stent 12 
(schematically shown only in Fig. 2) to a deployment site in a body lumen of a 

5 patient's body. By way of non-limiting, representative example, the stent 12 may be a 
self-expanding, open-celled, tubular stent having a construction such as that shown in 
U.S. Pat. No. 6,132,461 and formed of a self-expanding, shape-memory or 
superelastic metal such as nitinol, or the like. The stent 12 may also be a coil stent or 
any other self-expanding stent. 

10 The stent 12 is carried on the stent delivery system 10 in a collapsed (or 

reduced diameter) state. Upon release of the stent 12 from the stent delivery system 
10 (as will be described), the stent 12 expands to an enlarged diameter to abut against 
the walls of the patient's lumen in order to support patency of the lumen. 

The lumen of a patient may include, for example, any vascular lumen or duct, 

15 as well as other lumens or ducts including biliary, esphageal, bronchial, urethral, or 
colonic lumens or ducts. It is contemplated that the catheter system disclosed may be 
sized accordingly to the lumen or duct to which it applies. 

The stent delivery system 10 includes an inner tubular member 14 and an outer 
tubular member 16. Both of the inner and outer tubular members 14 and 16 extend 

20 from proximal ends 14a, 16a to distal ends 14b, 16b. 

The outer tubular member 16 is sized to be axially advanced through the 
patient's body lumen for the distal end 16b to be placed near the deployment site in 
the body lumen and with the proximal end 16a remaining external to the patient's 
body for manipulation by an operator. By way of example, the outer tubular member 

25 16 (also referred to as a sheath) may be a braid-reinforced polyester of tubular 

construction to assist in resisting kinks and to transmit axial forces along the length of 
the sheath 16. The outer tubular member 16 may be of widely varying construction to 
permit varying degrees of flexibility of the outer tubular member 16 along its length. 
The proximal end 16a of the outer tubular member 16 is bonded to a manifold 

30 housing 20. The manifold housing 20 is threadedly connected to a lock housing 22. 
A strain relief jacket 24 is connected to the manifold housing 20 and surrounds the 
outer tubular member 16 to provide strain relief for the outer tubular member 16. 

5 
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The outer tubular member 16 defines a usable or operating length LI of the 
stent delivery system. The operating length LI includes a portion of the stent delivery 
system that is inserted into a patient's lumen. The operating length LI extends from 
the strain relief jacket 24 to the end of a distal tip member 30, as shown in Fig. 1 . The 

5 operating length may comprise a variety of lengths including, for example, 60 cm, 80 
cm, 120 cm, 135 cm, and 150 cm. 

The inner tubular member 14 is preferably formed of nylon but may be 
constructed of any suitable material. Along a portion of its length from the proximal 
end 16a of the outer tubular member 16 to a stent attachment location 26 (shown in 

10 Fig. 2), the inner tubular member 14 is a cylinder with a spacer member 1 8 which, in 
one embodiment, comprises radially projecting and axially extending splines (shown 
with reference to Figs. 3 and 5). The function and purpose of the spacer member 18 
will be described later. 

At the distal end 14b of the inner tubular member 14, the inner tubular 

15 member 14 has no splines. The splineless length of the distal end of the inner tubular 
member 14 is of sufficient length to be greater than an axial length of the stent 12. 
This distal splineless length of the inner tubular member defines the stent attachment 
location 26 between spaced apart radio-opaque markers 27, 28 which are attached to 
the inner tubular member 14. The radio-opaque markers 27, 28 permit a physician to 

20 accurately determine the position of the stent attachment location 26 within the 

patient's lumen under fluoroscopy visualization. The distal tip member 30 is secured 
to the reduced and splineless portion of the inner tubular member 14. The distal tip 
member 30 is tapered and highly flexible to permit advancement of the stent 
deployment system 10 through the patient's lumen and minimize trauma to the walls 

25 of the patient' s lumen. 

In the first embodiment shown in Figs. 3 and 4, from the proximal end 16a of 
the outer tube 16 to the inner tube proximal end 14a, the inner tube 14 is cylindrical 
and splineless. The inner tube 14 passes through both the manifold housing 20 and 
lock housing 22. A stainless steel jacket 32 surrounds and is bonded to the inner 

30 tubular member 14 from the proximal end 14a up to and abutting the splines 18. 

At the inner tube proximal end 14a, a port housing 34 is bonded to the 
stainless steel jacket 32. The port housing 34 has a tapered bore 36 aligned with an 

6 
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inner lumen 38 of the tubular member 14. The inner lumen 38 extends completely 
through the inner tubular member 14 so that the entire delivery system 10 can be 
passed over a guide wire (not shown) initially positioned within the patient's lumen. 
Opposing surfaces of the inner and outer tubular members 14 and 16, define a 

5 passageway, fluid channel, or first lumen 40 (best seen in Figs. 5 and 1 1-22). The 
first lumen 40 thereby is defined by the inner diameter of outer tubular member 16 
and the outer diameter of the inner tubular member 14. Depending upon the diameter 
of the catheter, the first lumen 40 may have a radial distance between the opposing 
surfaces of inner and outer tubular members of about .003 inches to .2 inches, 

10 inclusively, for example. 

The first lumen 40 defines a first lumen or fluid channel length L2, shown 
generally in Fig. 1 . The fluid channel length L2 extends from the proximal end of the 
outer tubular member 16a, shown in Fig. 3, to the distal end of the outer tubular 
member 16b, shown in Fig 2. The spacer member 18 traverses along a predetermined 

15 percentage of the fluid channel length L2. The predetermined percentage may be at 
least 10%, at least 25%, at least 50%, or at least 75% of the fluid channel length L2. 
Preferably, the predetermined percentage over which the spacer member 18 traverses 
the fluid channel length L2 is at least 90%. Similarly, the spacer member 18 may 
traverse along a predetermined percentage of the operating length LI . 

20 By reason of the spacer member 18, the inner tubular member 14, cannot bend 

relative to the outer tubular member 16, thereby avoiding the problems associated 
with the prior art designs as previously discussed. Also, since the splines 18 contact 
the outer tubular member only at small surface areas along the length, reduced friction 
results from sliding motion between the inner and outer tubular members 14, 16, of 

25 self-expanding stent delivery systems. 

Referring to Figs. 1 and 3, the manifold housing 20 of the first embodiment 
carries an admission port 42 for injecting a contrast media or other fluid such as 
Saline, Nitroglycerine, or other therapeutic agents, into the interior of the manifold 
housing 20. The interior of the manifold housing 20 is in fluid flow communication 

30 with the first lumen 40. Discharge ports (i.e. fluid exchange ports for discharging or 
extracting fluid) 41, 41 1 (shown in Fig. 2) are formed through the outer tubular 
member 16 to permit contrast media, for example, to flow from the first lumen 40 into 
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the patient's body lumen. It is to be understood one or more discharge ports may be 
formed through the outer tubular member. For example, multiple discharge ports may 
be formed in the outer tubular member to permit greater flow of the contrast media 
into the patient's body lumen. The contrast media discharged through the discharge 
5 ports aids the user in determining the characteristics of the flow through the patient's 
lumen. 

The discharge ports 41 and 4T are formed in a portion of the outer tubular 
member proximate the stent attachment location 26 (i.e. the sheath which covers the 
stent). An arrangement providing only discharge ports 41 without oppositely 
10 positioned discharge ports 41' or only discharge ports 41 f without oppositely 

positioned discharge ports 41 is contemplated. Alternatively, discharge ports 41" in 
the form of end notches formed at a distal most end of the outer tube 16 can be used. 
The discharge openings 41" and 41" are preferably located distally with respect to a 
longitudinal mid-point of the stent 12. Most preferably, openings 41 f and 41" are 
15 located adjacent to or distal to the distal end of the stent 12. 

In use, the discharge ports 41, 4 1 1 provide several advantages. One advantage 
of the oppositely positioned discharge ports is that when intending to use a contrast 
media for flow analysis, for example, the user may advance the stent delivery system 
10 in a direction either with the direction of flow within the patient's lumen or against 
20 the direction of flow within the patient's lumen. To illustrate, if the user advances the 
system in a direction with the flow in the patient's lumen, contrast media discharged 
from discharge ports 41 will enter the patient's fluid stream and the user may observe 
the flow of the contrast media through the desired deployment location or area of 
blockage. However, the contrast media discharged from discharge ports 41' is down 
25 stream from the blockage area and does not flow through the desired deployment 
location or area of blockage. In the alternative, if the system is advanced within the 
patient's lumen in a direction against the flow, contrast media from discharge ports 41' 
flows through the desired deployment location. In an arrangement including only 
discharge ports 41, for example, the user advances the delivery system in a direction 
30 corresponding to the patient's lumen flow. 

Another advantage provided by the discharge ports 41, 41' involves obtaining 
information related to fluid pressure differentials within the patient's lumen. The stent 

8 
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delivery system 10 may include a pressure measurement device 72 (shown in phantom 
in Fig. 1) that provides a measurement of the fluid pressure within the patient's lumen 
by measuring the fluid pressure within the fluid channel 40, which equalizes to the 
patient's lumen fluid pressure via communication through the discharge ports. To 
5 illustrate, prior to deployment, fluid pressure transmits through the fluid channel 40 
providing a first pressure reading. As the stent is expanded, fluid in the patient's 
lumen begins to flow and the pressure decreases. Correspondingly, the pressure in the 
fluid channel decreases permitting the user to monitor the pressure differential in the 
patient's lumen. 

10 The user may also monitor lumen flow through a deployed stent by measuring 

the pressure prior to the blockage and subsequent to the blockage. To illustrate, after 
stent deployment, a first pressure reading may be taken wherein the discharge ports of 
the outer tubular member are in a retracted position within an area prior to the 
blockage, for example. A second pressure reading may then be obtained subsequent 

15 to the area of blockage by axially sliding the outer tubular member into its original 
protracted position and through the expanded stent, wherein the discharge ports are 
located prior to the blockage. 

It is further contemplated that simultaneous pressure readings, one in an area 
prior to the blockage and another in an area subsequent to the blockage, may be 

20 provided by an arrangement incorporating a first fluid channel and a second fluid 

channel (not shown). The first and second fluid channels or lumens would correspond 
to respective first and second discharge apertures where, for example, the first 
discharge apertures are located prior to the stent attachment location and are in fluid 
communication with the first fluid channel, and the second discharge apertures are 

25 located subsequent to the stent attachment location and are in fluid communication 
with the second fluid channel. A pressure measurement device monitoring the 
different pressures within the first fluid channel and the second fluid channel would 
provide simultaneous pressure readings. 

In an alternative embodiment, a self-expanding stent delivery system having a 

30 fluid channel between inner and outer members and including one or more discharge 
ports, may or may not include a spacer member. 
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Referring again now to Fig. 3, an O-ring 44 surrounds the stainless steel jacket 
32 between the manifold housing 20 and lock housing 22. Upon threaded connection 
of the manifold housing 20 to the lock housing 22, the O-ring 44 compresses against 
the stainless steel jacket 32 in sealing engagement to prevent contrast media from 

5 flowing in any path other than through the first lumen 40. 

The lock housing 22 carries a threaded locking member (or lock nut) 46 which 
can be turned to abut the stainless steel jacket 32. The lock nut 46 can be released to 
free the stainless steel jacket to move axially. According, when the lock nut 46 
engages the jacket 32, the jacket 32 (and attached inner tubular member 14) cannot 

10 move relative to the lock housing 22, manifold housing 20 or the outer tubular 

member 18. Upon release of the lock nut 46, the inner tubular member 14 and outer 
tubular member 18 are free to slide axially relative to one another between a transport 
position and a deploy position. 

As best shown in Fig. 1, first and second handles 48, 50 are secured to the lock 

15 housing 22 and jacket 32, respectively. In the transport position, the handles 48, 50 
are spaced apart and the outer tubular member 16 covers the stent attachment location 
26 to prevent premature deployment of the stent 12. When the handle 48 is pulled 
rearwardly toward the handle 50, the outer tubular member 16 slides rearwardly or 
proximally relative to the inner tubular member 14. Preferably, the outer tubular 

20 member 16 slides rearwardly a distance sufficient to fully expose the stent attachment 
location 26 and permit the stent 12 to freely expand toward its fully expanded 
diameter. After such expansion, the stent delivery system can be proximally 
withdrawn through the expanded stent and removed. 

The first handle 48 is rotatably mounted on a flange 22a (as shown in Fig. 3) 

25 of the lock housing 22. The first handle 48 surrounds the stainless steel jacket 32 and 
is freely rotatable about the longitudinal axis of the jacket 32 and freely rotatable 
about the flange 22a. The first handle 48 is axially affixed to the lock housing 22 such 
that axial forces applied to the first handle 48 are transmitted through the lock housing 
22 and manifold housing 20 to the outer tubular member 16 to axially move the outer 

30 tubular 16. However, rotary action of the first handle 48 about the axis of the stainless 
steel jacket 32 is not transmitted to the housings 20, 22 or to the outer tubular member 
16 by reason of the free rotation of the first handle 48 on flange 22a. 
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The second handle 50 is mounted on an anchor 52 (shown in Fig. 4) which is 
bonded to the stainless steel jacket 32 through any suitable means (such as by use of 
adhesives). The anchor 52 includes a flange 52a which is radial to the axis of the 
stainless steel jacket 32. The second handle 50 is mounted on the flange 52a and is 
5 free to rotate on the anchor 52 about the axis of the stainless steel jacket 32. However, 
axial forces applied to the handle 50 are transmitted to the stainless steel jacket 32 
which, being bonded to the inner tubular member 14, results in axial movement of the 
inner tubular member 14. 

With the handle construction described above, relative axial movement 
10 between the handles 48, 50 results in relative axial movement between the inner and 
outer tubular members 14, 16. Rotational movement of either of the handles 48, 50 
does not affect rotational positioning of the inner or outer tubular members 14, 16 and 
does not affect axial positioning of the inner and outer tubes 14, 16. 

The free rotation of the handles 48, 50 results in ease of use for a physician 
15 who may position his or her hands as desired without fear of interfering with any axial 
positioning of the inner and outer tubular members 14, 16. The spacing between the 
handles 48, 50 is equal to the stroke between the transport position and the deploy 
position of the tubular members 14, 16. As a result, the spacing permits the operator 
to have ready visual indication of the relative axial positioning between the inner and 
20 outer tubular members 14, 16. This relative axial positioning can be fixed by 

engaging the lock nut 46. In any such positioning, contrast media can be injected 
through the admission port 42 into the chamber 40 with the contrast media flowing 
out of the side ports 41 into the body lumen to permit visualization under fluoroscopy. 
With reference to Fig. 6, each of the handles 48, 50 is formed of. identical 
25 halves 49 (Fig. 6) of injected molded plastic to permit ease of manufacture. When the 
handle halves 49 are joined together, pins 64 are received in aligned openings 66 of an 
opposing half 49 for attachment and permanent connection of two halves 49. The 
halves 49 include first openings 60 proximate to the outer diameter of the stainless 
steel jacket 32. At opposite ends, the halves 49 include annular recesses 62 to receive 
30 either of flanges 22a or 52a for rotatable attachment upon joinder of two halves 49. 

With stent deployment systems having premounted stents of various axial 
lengths, the positioning of the second handle 50 on the stainless steel jacket 32 can be 

11 
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selected at time of assembly so that a spacing S (see Fig. 1) between the handles 48, 
50 corresponds to the length of the stent 12 carried on the stent deployment system. 
For example, in the first embodiment, the spacing S is preferably about 10 millimeters 
longer than the deployed length of the stent. Accordingly, the user will know that the 
5 outer tubular member 16 has been fully retracted when the handles 48, 50 have been 
pushed completely together to completely release the stent 12. Also, the freely 
rotatable handles 48, 50 are easy to hold from any angle without slippage. The lock 
nut 46 ensures that the stent 12 will not deploy prematurely. 

Figs. 7A-7G show one of the handles 48, 50 in isolation from the delivery 
10 system 10. The depicted handle 48, 50 is elongated along a central axis A- A and 

includes a first end 102 positioned opposite from a second end 104. The first end 102 
preferably has a smaller perimeter (i.e., circumference) than the second end 104. For 
example, as shown in Fig. 7D, the first end preferably has a radial dimension dl (i.e., 
the diameter of the first end 102) that is smaller than a radial dimension d2 of the 
15 second end 104 (i.e., the diameter of the second end 104). Preferably, the ends 102 
and 104 have a generally round perimeter. 

Referring to Figs. 7F and 7G, the handle 48, 50 also includes first and second 
sides 106 and 108 that extend longitudinally between the first and second ends 102 
and 104. The first and second sides 106 and 108 preferably face in opposite 
20 directions. Concave gripping regions 110 and 1 12 are located at the first and second 
sides 106 and 108. The concave gripping regions 110 and 112 each define a concave 
curvature as the gripping regions 1 10, 1 12 extend in a longitudinal direction (i.e., 
along axis A- A) between the first and second ends 102 and 104. 

Referring to Figs 7D and 7E, the handle 48, 50 also includes third and fourth 
25 sides 114 and 116 that extend longitudinally between the first and second ends 102 
and 104. The third and fourth sides 1 14 and 1 16 face in opposite directions, and 
extend circumferentially (about the axis A- A) between the first and second sides 106 
and 106. Preferably, the third and fourth sides 1 14 and 1 16 include convex regions 
118 that extend in a longitudinal direction along an intermediate region of the handle 
30 48, 50, and concave regions 121 and 123 that extend from the convex regions to the 
ends 102 and 104 of the handle 48, 50. The third and fourth sides 1 14 and 1 16 also 
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define a convex curvature that extends in a circumferential direction (i.e., about the 
axis A- A as best shown in Figs. 7B and 7C). 

Referring again to Figs. 7D and 7E, a length L of the concave gripping regions 
1 10, 1 12 is preferably shorter than a total length of the handle 48, 50. Also, the 

5 gripping regions 1 10, 1 12 are preferably generally centered along the total length of 
the handle 48, 50. Additionally, the regions 1 10, 1 12 preferably include top and 
bottom edges 122 and 124 having convex curvatures 126 that transition into concave 
curvatures 128 adjacent the first end 102. The regions 1 10, 1 12 preferably have a 
maximum transverse width W at an intermediate position along their lengths L. The 

10 width W is preferably measured in a direction transverse relative to the axis A- A. The 
regions 1 10, 112 also preferably include elongated gripping projections 130. The 
gripping projections 130 are preferably parallel to one another, and preferably extend 
in a transverse direction relative to the axis A- A. The projections 130 are preferably 
longer at the intermediate positions of the gripping regions 1 10, 1 12 than adjacent the 

15 ends of the gripping regions 1 10, 1 12. In one non-limiting embodiment, the main 
body of the handle 48, 50 is made of a relatively hard material (e.g., polybutylene 
terephthalate) and the gripping regions 1 10, 1 12 are made of a softer, more resilient 
material (e.g., an overmolded polyester elastomer). 

In an alternative embodiment and in accord with the principles of the first 

20 embodiment, the stent delivery system may further relate to a stent delivery system 
concerning balloon expandable stents. Also, the principles may be used in a balloon 
catheter system that may or may not have stent delivery capabilities. 

Referring now to Fig. 8, a second embodiment of the stent delivery system 210 
providing for delivery of stents is shown having a manifold housing 220, an 

25 admission or fluid port 242, a guide wire port 234 having a tapered bore 236, and a 
strain relief j acket 224. 

Similar to the preceding embodiment, the stent delivery system 210 includes 
an inner tubular member 214 and an outer tubular member 216. Referring to Fig. 8, 
each tubular member has proximal ends 214a and 216a and distal ends 214b and 

30 216b. As shown in Figs. 12 and 13, a first lumen or fluid channel 240 is defined 
between the inner and outer tubular members 214 and 216. As shown in Fig. 9, the 
proximal end 214a of the inner tubular member passes through the strain relief jacket 
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224 and into the manifold housing 220. The inner tubular member 214 may be 
adhesively secured to the manifold housing 220 along a bonded area 281 . The tapered 
bore 236 is aligned with an inner lumen 238 of the tubular member 214. The inner 
lumen 238 extends completely through the inner tubular member 214 so that the entire 
5 delivery system 210 can be passed over a guide wire (not shown) initially positioned 
within the patient's lumen. 

The outer tubular member 216 defines a usable or operating length LT of the 
stent delivery system. The operating length LI' includes a portion of the stent 
delivery system that is inserted into a patient's lumen. The operating length LI' 
10 extends from the strain relief jacket 224 to the end of a distal tip member 230, as 

shown in Fig. 8. The operating length may comprise a variety of lengths, including: 
60 cm, 80 cm, 120 cm, 135 cm, and 150 cm. 

The fluid channel 240 has a fluid channel length L2', shown generally in Fig. 
8. The fluid channel length L2 extends from the proximal end of the outer tubular 
15 member 216a, shown in Fig. 9, to the distal end of the outer tubular member 216b, 
shown in Fig 10. The spacer member 218 (shown in greater detail in Figs. 12-24) 
traverses along a predetermined percentage of the fluid channel length L2'. The 
predetermined percentage may be at least 10%, at least 25%, at least 50%, or at least 
75% of the fluid channel length L2'. Preferably, the predetermined percentage over 
20 which the spacer member 218 traverses the fluid channel length L2 is at least 90%. 
Similarly, the spacer member 218 may traverse along a predetermined percentage of 
the operating length LI'. In certain embodiments, the spacer member 218 may extend 
into the balloon cavity and be longer than the fluid channel 240. 

The distal end of the outer tubular member 216b is connected to a stent 
25 deployment arrangement 275 (see Figs. 8 and 10). The stent deployment arrangement 
275 includes a balloon 277 (shown expanded in Fig. 8, 10 and 1 1) which defines an 
interior portion 285. The distal end of the inner tubular member 214b extends 
through the interior portion 285 of the balloon 277. A discharge port 241 located at 
the distal end of the outer tubular member 216b provides fluid communication 
30 between the fluid channel 240 and the interior portion 285 of the balloon 277. 

Fig. 1 1 depicts a cross section of the stent deployment arrangement 275 of Fig. 
8 taken along the line 11-11. As shown in Fig. 1 1, the balloon 277 may comprise a 
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circular cross section circumscribing the interior portion 285 through which the inner 
tubular member 214 extends. The balloon may further have a triangular or square 
shape, or any other shape advantageous for use (e.g., other shapes that may facilitate 
folding of the balloon). 
5 In operation, a stent 212 is compressed about the inner tubular member 214 

and the balloon 277 while the balloon is deflated. As so compressed, the stent 212 
has a reduced diameter that permits the stent to be passed through the patient's 
vasculature to a deployment site. Once the system 210 has delivered the stent 212 to 
the deployment site, fluid is injected into the fluid port 242 and transferred through 
10 the fluid channel 240 and into the balloon 277. In response, the balloon expands 

thereby deforming the stent beyond its elastic limit to a permanently expanded form. 
After such expansion, the stent delivery system can be proximally withdrawn through 
the expanded stent and removed. 

Referring again to Fig. 10, the balloon 277 may be an integral construction of 
1 5 the outer tubular member 2 1 6 or constructed by securely j oining a connecting portion 
279 of the balloon 277 to the outer tubular member 216. The connecting portion 279 
may be joined to the outer tubular member 216 by, for example, common welding 
techniques or reflowing material processes. 

Figs. 12 and 13 are cross sections of the stent delivery system 210 of Fig. 8, 
20 taken along lines 12-12 and 13-13, respectively. These illustrations show the inner 
and outer tubular members 214 and 216 and one embodiment of spacer members 218. 
In comparing the cross sections, the tubular members are preferably continuously and 
uniformly spaced along their length by the spacer members 218. This configuration 
can be used in both embodiments of the stent delivery system 10, 210. The spacer 
25 members 1 8, 21 8 maintain a predetermined spacing between the inner and outer 

tubular members 14, 214 and 16, 216 to maintain a uniform cross-sectional area of the 
channel 40, 240 within the length of the inner and outer tubular members through 
which, for example, fluid may flow. The fluid channel 240 in a balloon expandable 
stent delivery embodiment extends from the proximal end towards the distal end to 
30 provide fluid communication from the fluid port 242 through the distal opening 241 
and to the balloon 277 for stent expansion. In similar fashion, the channel 40 in a 
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self-expanding stent delivery embodiment extends from the proximal end towards the 
distal end to permit fluid flow to the discharge ports 41 . 

Generally, the spacer members 18, 218 comprise splines that radially project 
and extend substantially the entire axial length of the tubular members between the 
5 proximal end 16b, 216b of the outer tubular member 16, 216 and the proximal radio- 
opaque marker 27, 227. With respect to each spacer member embodiment, the radial 
dimension and axial length of each of the splines is identical and, in preferred 
embodiments, have a continuous uninterrupted length. However, it will be 
appreciated that the radial dimensions need not be identical. Further the splines need 
10 not have an uninterrupted length. Rather the splines may include interrupted lengths 
that start and stop at predetermined locations. The splines 18, 218 as illustrated, are 
examples of spacer member embodiments used to maintain a space between the outer 
tubular member 16, 216 and inner tubular member 14, 214. 

Typically, the spacer members 18, 218 keep the inner tubular members 14, 
15 214 in concentric alignment with their respective outer tubular member 16, 216. This 
permits the use of a small diameter inner tubular member 14, 214 relative to the 
diameter of the outer tubular member 16, 216 to increase the cross-sectional area of 
the first lumen 40, 240. Increasing the cross-sectional area of the first lumen 40, 240 
reduces any impediment to flow of contrast media or fluid through the first lumen 40, 
20 240 and increases the volume of contrast media or fluid within the first lumen 40, 240. 

The spacers 18, 218 also resist kinking of the outer tubular members 16, 216 
by providing structural reinforcement. The structural reinforcement thereby assists in 
preventing the channel 40, 240 from being constricted as the delivery system is flexed 
or bent through a patient's vasculature. Similarly, the spacers 18, 218 provide 
25 structural reinforcement to resist or eliminate crushing or compression of the outer 

tubular member against the inner tubular member, which also constricts the channel as 
the delivery system is positioned. A further advantageous feature of the spacers is 
that the spacers 18, 218 reduce or prevent inadvertent axial movement between the 
outer tubular member and the inner tubular member. For example, in an arrangement 
30 without spacers, the inner tubular member may bow or bend within the outer tubular 
member. Repeated areas of bending and bowing allow the inner tubular member to 
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"snake" within or axially move relative to the outer tubular member. The spacer 18 5 
218 restricts bowing or inadvertent axial movement of the inner tubular member. 

Referring again to Figs. 12 and 13, the spacer members 218 may be configured 
such that the spacer members 218 are constructed as an integral member of only one 
5 of the tubular members, the inner tubular member 214 for example. It will be 
appreciated that the spacer members may be integral with either or both tubular 
members. Fig. 14 (which is a cross section of the distal end of the stent delivery 
system shown in Fig. 10) discloses that the spacer members 218 may include a 
bonding surface 283 that may be bonded to provide fixed contact between both the 
1 0 inner tubular member 214 and the outer tubular member 2 1 6 of the balloon stent 

delivery system 210. The bonding surface 283 may be joined to a tubular member by, 
for example, a thermal bonding process or an adhesive. The bonding surface 283 
may, as illustrated, bond to the inner surface of the outer tubular member 216, or in 
the alternative, bond to the outer surface of the inner tubular member, in which case 
15 the spacer member extends from the outer tubular member. The bonding surface 
resists or prevents axial movement between the inner and outer tubular members. 
Bonding surfaces 283 maybe located along any location of the spacer member 218, or 
along the entire length of the spacer member 218. Preferably, the bonding surfaces 
283 are located proximate the distal end of the outer tubular member 216b. 
20 It is to be understood that spacer members depicted in the self-expanding stent 

delivery system and the balloon dilation stent delivery system, may comprise a variety 
of cross sectional configurations. It will further be appreciated that the radial 
dimensions need not be identical and the spline configurations of the spacer members 
need not have an uninterrupted length. Exemplary cross sections of various 
25 embodiments of the spacer members are shown in Figs. 15-23. The configurations are 
applicable to both the balloon expandable and self-expandable stent delivery systems 
described above. As is depicted, the spacer members may include a single spacer 
member or a plurality of spacer members. 

Fig. 15 discloses a cross sectional configuration of a third embodiment of the 
30 present invention having an outer tubular member 2 1 6c, an inner tubular member 

214c, and spacer members 218c with rounded ends. The inner tubular member 214c 
has an inner lumen 238c and the inner and outer tubular members 214c and 216c 
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define a channel 240c. This configuration comprises five spacer members 21 8c 
integral with the inner tubular member 214c, each spacer member extending toward 
and contacting the outer tubular member 216c. 

Fig. 16 discloses a cross sectional configuration of a fourth embodiment of the 
5 present invention, similar to that in Fig. 15, having an outer tubular member 216d 5 an 
inner tubular member 214d ? and spacer members 21 8d with rounded ends. In this 
embodiment, eight spacer members 218d integral with the inner tubular member 214d 
are illustrated, each spacer member extending toward and contacting the outer tubular 
member 21 6d. 

10 Fig. 17 discloses a cross sectional configuration of a fifth embodiment of the 

present invention having an outer tubular member 216e, an imier tubular member 
214e, and spacer members 218e. The spacer members 218e of this embodiment 
discloses a conical cross section shape. The inner tubular member 214e has an inner 
lumen 23 8e and the inner and outer tubular members 214e and 216e define a channel 

15 240e. Five spacer members 218e integral with the outer tubular member 216e are 
illustrated, each spacer member extending inward toward the inner tubular member 
216e. 

Fig. 18 discloses a cross sectional configuration of a sixth embodiment of the 
present invention, having an outer tubular member 216f, an inner tubular member 

20 214f, and shorter spacer members 21 8f with rounded ends. In this embodiment, four 
shorter spacer members 2 18f integral with the inner tubular member 214f are 
illustrated, each spacer member extending toward the outer tubular member 216d, but 
not contacting the outer tubular member 216d. 

Fig. 19 discloses a cross sectional configuration of a seventh embodiment of 

25 the present invention, having an outer tubular member 216g, an inner tubular member 
214g, and spacer members 218g with squared ends. In this embodiment, four spacer 
members 218g integral with the inner tubular member 214g are illustrated, each 
spacer member extending toward the outer tubular member 216f. As illustrated the 
square spacer members 218g do not contact the outer tubular member 216g, but may 

30 contact the outer tubular member in alternative embodiments. 

Fig. 20 discloses a cross sectional configuration of an eighth embodiment of 
the present invention, having an outer tubular member 216h, an inner tubular member 
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214h, and shorter spacer members 218h with rounded ends. In this embodiment, the 
inner lumen 23 8h of the inner tubular member 214h has a larger diameter than other 
embodiments previously illustrated. It is contemplated that in alternative 
embodiments, the inner lumen diameter may be smaller than the diameter of other 

5 embodiments illustrated. Four shorter spacer members 21 8h integral with the imier 
tubular member 214h are illustrated, each spacer member extending toward and 
contacting the outer tubular member 216h. 

Fig. 21 discloses a cross sectional configuration of a ninth embodiment of the 
present invention, having an outer tubular member 216i, an inner tubular member 

10 214i, and spacer members 21 8i with rounded ends. In this embodiment, two opposing 
spacer members 218i integral with the inner tubular member 214i are illustrated, each 
spacer member extending toward and contacting the outer tubular member 216i. 

Fig. 22 discloses a cross sectional configuration of a tenth embodiment of the 
present invention, having an outer tubular member 216j, an inner tubular member 

15 2 1 4j , and spacer members 2 1 8j . The spacer member configuration of this 

embodiment has an asymmetrical cross section wherein spacer members 218j of the 
inner tubular member 214j offset the inner tubular member against the inside wall of 
the outer tubular member 216j. It will further be appreciated that a spacer member on 
the outer tubular member may offset the inner tubular member against the inside wall 

20 of the outer tubular member. 

The spacer member configuration may also include non-spline spacer 
members. Figs. 23 and 24 disclose a cross sectional configuration of an eleventh 
embodiment of the present invention, having an outer tubular member 216k, an inner 
tubular member 214k, and helical spacer members 218k. The helical spacer member 

25 2 1 8k is coiled around the inner tubular member 2 1 4k. Alternatively, the helical 
spacer member 218k may be integral to the inner diameter of the outer tubular 
member 216k. Other helical configurations, such as a plurality of helical spacer 
members, are contemplated. 

As shown in the embodiments, the spacer member may be integral or joined to 

30 either the inner tubular member or the outer tubular member. It is further 

contemplated that a separate and independent spacer member may be provided within 
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the fluid channel of the stent delivery system, or that both the inner and outer tubular 
members comprise integral spacer members. 

It has been shown how the objects of the invention have been attained in a 
preferred manner. Modifications and equivalents of the disclosed concepts are 
5 intended to be included within the scope of the claims. 
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What is Claimed Is: 

1 . A catheter system comprising: 

an elongated, flexible, hollow outer tubular member having a distal end 
5 and a proximal end; 

an elongated, flexible, inner tubular member having a distal end and a 
proximal end; 

said inner tubular member disposed within said outer tubular member 
such that a fluid channel having a fluid channel length is defined between the 
10 inner and outer tubular members; 

a stent mounting location located near said distal ends of said inner and 
outer tubular members; 

at least one spacer disposed within said fluid channel between said 
inner tubular member and said outer tubular member for maintaining a spacing 
15 between said inner tubular member and said outer tubular member, said spacer 

longitudinally traversing at least 10 percent of said fluid channel length; and 
an admission port in fluid communication with said fluid channel. 

2. The catheter system according to claim 1, wherein said spacer is a longitudinal 
20 spacer extending a majority of a length from said proximal end to said distal end of 

said inner and outer tubular members. 

3. The catheter system according to claim 1, wherein said spacer is a continuous 
longitudinal extension traversing a majority of a length from said proximal end to said 

25 distal end of said inner and outer tubular members. 

4. The catheter system according to claim 1, wherein said spacer traverses at 
least 25 percent of said fluid channel length. 

30 5. The catheter system according to claim 1, wherein said spacer traverses at least 
50 percent of said fluid channel length. 
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6. The catheter system according to claim 1, wherein said spacer traverses at least 
75 percent of said fluid channel length. 

7. The catheter system according to claim 1, wherein said spacer traverses a 
5 majority of said fluid channel length. 

8. The catheter system according to claim 1, wherein said spacer is disposed to 
centrally position said inner tubular member within said outer tubular member. 

10 9. The catheter system according to claim 1, wherein said spacer is disposed to 
maintain said inner tubular member in an offset position within said outer tubular 
member. 

10. The catheter system according to claim 1, wherein said spacer is a spline 
15 elongated in a direction along a length of the catheter system. 

1 1 . The catheter system according to claim 10, wherein said catheter system 
includes a plurality of splines elongated along the length of the catheter system. 

20 12. The catheter system according to claim 11, wherein said splines couple to said 
outer tubular member and project inwardly towards said inner tubular member. 

13. The catheter system according to claim 11, wherein said splines couple to said 
inner tubular member and project outwardly towards said outer tubular member. 

25 

14. The catheter system according to claim 1, wherein said spacer includes a 
plurality of radial, spaced-apart spacer members that extend longitudinally along said 
fluid channel. 

30 15. The catheter system according to claim 1 , wherein said spacer comprises at 
least one helical spacer extending along a length of said fluid channel. 
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16. The catheter system according to claim 15, wherein said helical spacer is 
coupled to said inner tubular member and projects radially outward from said inner 
tubular member. 

5 17. The catheter system according to claim 1, wherein said spacer includes at least 
one thermal bonding surface to fixedly couple said inner tubular member and said 
outer tubular member. 

18. The catheter system according to claim 17, wherein said bonding surface is 
10 located adjacent the distal end of said outer tubular member. 

19. The catheter system according to claim 1, wherein said inner tubular member 
is hollow to track over a guide wire. 

15 20. The catheter system according to claim 1, including a discharge opening in 

fluid communication with said fluid channel, the discharge opening being located near 
said distal end of said outer tubular member. 

21 . The catheter system according to claim 20, wherein said discharge opening is 
20 formed in said outer tubular member to permit fluid flow from said fluid channel to a 

patient's lumen. 

22. The catheter system according to claim 1, wherein said stent mounting 
location comprises a balloon arrangement for balloon stent delivery, said balloon 

25 arrangement being in fluid communication with said fluid channel. 

23. The catheter system according to claim 1, wherein said stent mounting 
location comprises a self-expanding stent arrangement for self-expanding stent 
delivery, said stent being exposed by axially retracting said outer tubular member 

30 relative to said inner tubular member. 
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24. A balloon catheter system, comprising: 

an elongated, flexible, hollow outer tubular member having a distal end 
and a proximal end; 

an elongated, flexible, inner tubular member having a distal end and a 
5 proximal end; 

said inner tubular member disposed within said outer tubular member 
such that a fluid channel having a fluid channel length is defined between the 
inner and outer tubular members; 

at least one spacer disposed within said fluid channel between said 
10 inner tubular member and said outer tubular member for maintaining a spacing 

between said inner tubular member and said outer tubular member, said spacer 
longitudinally traversing at least 10 percent of said fluid channel length; 

an admission port in fluid communication with said fluid channel; and 

an expandable balloon arrangement located near said distal ends of said 
15 inner and outer tubular members, said expandable balloon arrangement being 

in fluid communication with said fluid channel. 

25. A stent delivery system, comprising: 

an outer tubular member having a distal end and a proximal end; 
20 an inner tubular member having a distal end and a proximal end; 

said inner tubular member disposed within said outer tubular member 
defining a passageway therebetween; 

a stent positioned proximate said distal end of said inner tube; 

an admission port in fluid communication with said passageway; and 
25 at least one fluid exchange aperture adjacent said distal end of said 

outer tubular member to deliver a media from said passageway to a patient's 
body lumen, the fluid exchange aperture being located distal to a longitudinal 
mid-point of the stent. 

30 26. The stent delivery system of claim 25, wherein the fluid exchange aperture 
extends radially through the outer tubular member. 



24 



WO 02/056953 



PCT/US02/01594 



27. The stent delivery system of claim 25, wherein the stent delivery systems 
includes a plurality of fluid exchange apertures, including at least a first fluid 
exchange aperture and a second fluid exchange aperture, said first and second fluid 
exchange apertures being positioned adjacent to opposite ends of said stent. 

5 

28. The stent delivery system of claim 25, wherein the stent is a self-expanding 
stent. 

29. The stent delivery system of claim 28, wherein the self-expanding stent is 

10 exposed by slidably retracting said outer tubular member relative to said inner tubular 
member. 

30. The stent delivery system of claim 25, further including a pressure measuring 
device for measuring fluid pressure within the passageway. 

15 

3 1 . The stent delivery system of claim 25, wherein the outer tubular member 
includes a sheath portion for covering the stent, and wherein the sheath portion 
defines at least one fluid exchange aperture. 



20 32. A stent delivery system, comprising: 

(a) a stent; 

(b) a catheter including a stent mounting location at which the stent is 
mounted: 

(i) the catheter further including a retractable sheath for covering 
25 the stent; 

(ii) the catheter defining a fluid exchange passageway, the fluid 
exchange passageway including a fluid exchange openings that 
opens to an exterior of the catheter, the fluid exchange openings 
being located near proximal and distal ends of the stent 

30 mounting location. 
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